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1
EXTERNAL FIXATION CLAMP USING A
TRIGGER MECHANISM AND STORED
SPRING ENERGY

PRIORITY

This application claims priority to U.S. Provisional Patent
Application 61/487,154, filed May 17, 2011, incorporated
herein by reference.

FIELD OF THE INVENTION

This disclosure is directed to an external fixation clamping
system utilizing a trigger mechanism, and more particularly,
this disclosure is directed to an external fixation clamping
system with stored spring energy.

BACKGROUND

External fixation systems are used to stabilize fractured
bones or to secure bones after corrective surgery. They are
usually made up of structural members held together by
clamps, all assembled by the surgeon during surgery. The
clamps are placed on bone pins and are attached to bars,
creating a frame to hold the bones in particular relationships.
Typically, the external fixation frame is assembled in the
configuration the surgeon desires, then the fracture is reduced
and the clamps are tightened. Some conventional clamps have
to be tightened partially to provisionally lock the bone pin or
bar into the clamp.

In one known external fixation clamping apparatus, the
fixation element is inserted against an axial spring force that
forces the outer and inner jaws together. The same spring
provides a provisional locking force that retains the fixation
element prior to final clamping. The force of the spring is
dependent on the degree to which a nut is threaded into the
clamping apparatus. In the fully unthreaded state, the force is
relatively low and the fixation element can be inserted rather
easily. It can pop out rather easily as well. As the nut is
progressively threaded into the clamping apparatus, this
spring force becomes greater and at some point the clamping
apparatus is threaded to such a degree that the insertion of a
fixation element is mechanically prohibited. The point at
which this occurs also varies based on whether the fixation
element is the first or the second element to be inserted into
the clamping apparatus. It is therefore possible to find that
after insertion of the first fixation element, the insertion of the
second fixation element requires that the clamping apparatus
be loosened. This variability is, at a minimum, a nuisance. In
other known devices, the spring force acts on a latch slide that
must be forced open by the act of inserting the fixation ele-
ment. The spring element acted on during the act of insertion
only provides a return force on the latch device once the
fixation element is inserted; it does not provide any provi-
sional clamping force and so the fixation element, while
retained, is loose in the clamp prior to tightening the clamping
element. This too is, at a minimum, a nuisance.

SUMMARY

In one aspect, the present disclosure is directed to an exter-
nal fixation clamp for receiving a fixation element. The clamp
includes an inner jaw and an outer jaw cooperatively arranged
with the inner jaw to capture a fixation element. The inner and
outer jaws may be movable between an open position that
permits the fixation element to be placed between the inner
and outer jaws and a closed position that restricts removal of
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the fixation element from between the inner and outer jaws. A
latch assembly may cooperate with the inner and outer jaws to
secure the jaws in a closed position. The latch assembly may
comprise a latch and a latch biasing member. The latch may
be configured to translate linearly relative to one of the inner
and outer jaws, and the latch biasing member may have a first
higher level of stored energy when the inner and outer jaws
are in the open position and a second lower level of stored
energy when the inner and outer jaws are in the closed posi-
tion.

In one aspect, the change in stored energy is a result of
un-compressing the latch biasing member element during the
linear translation of the latch.

In one exemplary aspect of the present disclosure an exter-
nal fixation clamp for receiving a fixation element includes an
inner jaw having a first seat for a first fixation element having
a first size and having a second seat for a second fixation
element having a second size different than the first size. An
outer jaw may be cooperatively disposed to capture a fixation
element. The outer jaw having a third seat for the first fixation
element of the first size and a fourth seat for the second
fixation element of the second size. In one aspect, one of the
first seat and the third seat is a transverse groove.

In one exemplary aspect, the present disclosure is directed
to an external fixation clamp for receiving a fixation element.
The clamp may include an inner jaw and an outer jaw coop-
eratively arranged with the inner jaw to capture a fixation
element. The inner and outer jaws may be movable between
an open position that permits the fixation element to be placed
between the inner and outer jaws and a closed position that
restricts removal of the fixation element from between the
inner and outer jaws. A biasing element is disposed between
the first and second jaws and configured to bias the first and
second jaws to the open position. In one aspect, the biasing
element is disposed to apply loading against a projecting tab
onthe outer that biases the outer jaw toward the open position.

In one exemplary aspect, the present disclosure is directed
to an external fixation clamp for receiving a fixation element.
The clamp may include an inner jaw and an outer jaw coop-
eratively arranged with the inner jaw to capture a fixation
element. A latch assembly may be cooperatively arranged
with the inner and outer jaws to trigger and release energy
stored within the clamp upon displacement of one of the inner
and outer jaws as a result of contact with the fixation element.

In one exemplary aspect, the present disclosure is directed
to a method including inserting a fixation element against a
portion of the first jaw so that the first jaw rotates relative to
the second jaw and compresses a jaw biasing element biasing
the fixation element; and releasing energy from a latch bias-
ing element as a latch moves toward the fixation element so
that overall potential energy is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the accom-
panying figures.

FIG. 1 is an illustration of an exemplary external fixation
system in accordance with one exemplary aspect of the
present disclosure connected to a patient’s bone tissue.

FIG. 2 is an illustration of a clamping assembly of an
external fixation system according to one exemplary aspect of
the present disclosure.

FIG. 3 is an illustration of the clamping assembly of FIG. 2
in a partially exploded configuration according to one aspect
of the present disclosure.
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FIG. 4 is an illustration of an exploded isometric view of a
clamp of'the clamping assembly of FIG. 2 in accordance with
one exemplary aspect of the present disclosure.

FIG. 5is an illustration of an inner jaw of the clamp of FIG.
4 according to one aspect of the present disclosure.

FIG. 6 is an illustration of an outer jaw of the clamp of FIG.
4 according to one aspect of the present disclosure.

FIG. 7 is an illustration of the clamp of FIG. 4 showing a
side view according to one aspect of the present disclosure.

FIG. 8 is an illustration of the clamp of FIG. 4 showing a
back or rearward view according one aspect of the present
disclosure.

FIG. 9 is an illustration of a cross-section of the clamp of
FIG. 7 taken through the lines 9-9 in FIG. 7 according to one
exemplary aspect of the present disclosure.

FIG. 10 is an illustration of a cross-section of the clamp of
FIG. 8 taken through the lines 10-10 in FIG. 8 according to
one exemplary aspect of the present disclosure.

FIG. 11 is an illustration of a cross-section of the clamp of
FIG. 8 taken through the lines 11-11 in FIG. 8 according to
one exemplary aspect of the present disclosure.

FIG. 12 is an illustration of a cross-section of the clamp of
FIG. 8 taken through the lines 12-12 in FIG. 8 according to
one exemplary aspect of the present disclosure.

FIG. 13 is an illustration of an exploded isometric view of
a clamp of the clamping assembly in accordance with one
exemplary aspect of the present disclosure.

FIG. 14 is an illustration of an outer jaw of the clamp of
FIG. 13 according to one aspect of the present disclosure.

FIG. 15 is an illustration of an outer jaw and an inner jaw of
the clamp of FIG. 13 according to one aspect of the present
disclosure.

FIG. 16 is an illustration of a cross-sectional view of the
clamp of FIG. 13 in a closed position according to one aspect
of the present disclosure.

FIG. 17 is an illustration of a cross-sectional view of the
clamp of FIG. 13 in an open position according to one aspect
of the present disclosure.

FIG. 18 is an illustration of an exploded view of a saddle
assembly according to one aspect of the present disclosure.

FIG. 19 is an illustration of an exploded configuration of a
spacer and saddle base according to one aspect of the present
disclosure.

FIG. 20 is an illustration of an exploded configuration of a
spacer and saddle base according to one aspect of the present
disclosure.

FIG. 21 is an illustration of a cross-sectional view of a
portion of the saddle assembly in an assembled configuration
according to one aspect of the present disclosure.

FIG. 22 is an illustration of an exploded view of a saddle
assembly according to one aspect of the present disclosure.

FIG. 23 is an illustration of a cross-sectional view of a
portion of the saddle assembly in an assembled configuration
according to one aspect of the present disclosure.

DETAILED DESCRIPTION

For the purposes of promoting an understanding of the
principles of the invention, reference will now be made to the
embodiments, or examples, illustrated in the drawings and
specific language will be used to describe the same. It will
nevertheless be understood that no limitation of the scope of
the invention is thereby intended. Any alterations and further
modifications in the described embodiments, and any further
applications of the principles of the invention as described
herein are contemplated as would normally occur to one
skilled in the art to which the invention relates.
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The present disclosure is directed to an external fixation
system with a clamping assembly that employs a triggering
and cocking-type system that stores a higher level of spring
energy before a fixation device is inserted into a clamp than
after the fixation element is inserted into the clamp.

In one aspect, the present disclosure is directed to an exter-
nal fixation system with a clamping assembly, where the
clamping action is consistent and not dependent on the posi-
tion of a tightening nut. In another aspect, a spring force can
be preloaded by a “cocking action” such that the act of insert-
ing the fixation element simply triggers the closure of the
jaws, and which then provides a provisional load on and
positive retention of the fixation element. Such a system as
described can be characterized and differentiated from prior
systems by a fundamental aspect of the design, namely stored
energy.

In one aspect, this disclosure is directed to a clamping
device for an external fixation system that is pre-configured
with a higher degree of stored energy prior to insertion of a
fixation element, whereby that stored energy is released by a
trigger whose action is the result of the insertion process on
the part of the fixation element, resulting in a lower amount of
stored energy when the fixation element was in the clamp
mechanism. Accordingly, the stored energy decreases by
insertion of the fixation element into the clamp. In addition, a
predictable amount of the energy released during insertion of
the fixation element may be utilized as potential energy
present as a force acting on the fixation element to thereby
provide a provisional clamping load.

In addition, one aspect of the present disclosure separates
the latching and provisional loading functions from the
clamping function. This provides several advantages over
prior designs. For example, the clamping assembly disclosed
herein may provide a design whose clamping function
requires minimal travel, lessening the amount of turns
required by a locking nut to go from completely loose to
completely clamped, which saves time when considering that
many such clamping elements must be tightened. In addition,
the clamping assembly may include a design whose ability to
accept a fixation element is not dependent on the position of
the clamping element and so one need not adjust the clamping
element to the proper location in order that a fixation element
is able to be inserted. Further, the clamping assembly may
include a design that can be set to accept a fixation element
with a simple quick pull back of a slide, much like cocking a
gun, requiring no tools, no twisting, no trial and error, etc. The
clamping assembly may also include a design where the
ability of which to accept a fixation element is not dependent
on whether or not it is the first or second element to be placed.
In another aspect, the clamping assembly may include a
design whereby the action of removal of a fixation element
places the clamp is a state ready to accept a fixation element.

In another exemplary aspect, the present disclosure is
directed to an external fixation clamp for receiving a fixation
element. The clamp includes an inner jaw and an outer jaw
cooperatively arranged with the inner jaw to capture a fixation
element. It also includes a latch assembly cooperatively
arranged with the inner and outer jaws to trigger and release
energy stored within the clamp upon displacement of one of
the inner and outer jaws as a result of contact with the fixation
element.

FIG. 1 shows an exemplary external fixation system 10
attached to a patient’s fractured tibia. The system 10 includes
fixation elements as one or more rigid bars 12 extending
between clamping devices 100 and includes one or more pins
14 drilled into the bone on opposing sides of the fracture.
Although this disclosure references bars and pins, it should be
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understood that any fixation element may be used, including
bone pins, wires, rings, struts, bars, rods, or other structural
members. In the example in FIG. 1, each pin 14 is received
into one of the clamping devices 100 by inserting the pin 14
between facing jaws of a pin clamp of the clamping device
100. Likewise, the bar 12 is received into each of the clamping
devices 100 by inserting the bar 12 between facing jaws of a
bar clamp of each clamping device 100 as is described further
below, to establish the external fixation framework for bone
stabilization. In some embodiments, inserting the bar 12 or
pin 14 triggers the clamp to place it in a provisionally locked
condition. In this position, the respective clamp can be rotated
about the bar 12 or pin 14 and may be axially displaced along
the bar 12 or pin 14. In addition, at least one of the clamps may
rotate about a longitudinal axis of the clamping device 100,
and may pitch up or down around the cylindrical axis of a
saddle element, while the jaws maintain the bar or pin in the
clamp. As remaining pins 14 are connected to the bar 12 using
one of the clamping devices 100, the clamps may be adjusted
to provide angulations and orientation necessary to align the
bone forhealing. Additional bar-to-bar fixation clamps and/or
bar-to-pin fixation clamps may be added to expand and con-
nect the frame as required. Some embodiments include multi-
pin clamps. Once properly created, the frame may be locked
by changing the clamp from a provisionally locked condition
to the locked condition.

FIGS. 2-22 show an exemplary embodiment of the clamp-
ing device 100. FIG. 2 shows an isometric view of the clamp-
ing device and FIG. 3 shows a partially exploded view of the
clamping device 100. The exemplary clamping device 100
includes a rod clamp 102, a pin clamp 104, and a base assem-
bly or saddle assembly 106 disposed there between. Each
clamp 102, 104 independently receives and secures a bar, pin
or other fixation element. Other embodiments of the clamping
device 100 include two rod clamps or two pin clamps. Yet
other embodiments include only a single clamp on one end,
with a multi-clamp set or other arrangement on the other end.

Each clamp 102, 104 of the clamping device 100 provides
multiple degrees of freedom, each operating independently of
the other. FIG. 2 shows the degrees of freedom as a roll axis
20, a pitch axis 30, and a yaw axis 40 in the upper and lower
clamps 102, 104. The roll axis 20 is the axis of a fixation
element within the clamps and about which the clamping
device 100 may rotate when the clamp is only provisionally
locked. The pitch axis 30 is the axis about which the outer and
inner jaws rotate relative to the saddle assembly 106 and
relative to the opposing clamp. The yaw axis 40 is defined by
a post (described below) and about which one of the clamps
102, 104 can rotate relative to the other.

As described in greater detail below, the rod and pin clamps
102, 104 are, for the most part, similar, with the pin clamp 104
configured in this embodiment to accept a pin of any of a
plurality of sizes. In one example, the pin clamp 104 is con-
figured to accept both a 5 mm or a 6 mm fixation element
while the rod clamp 102 is so configured to accept an 11 mm
fixation element. In other embodiments, however, the pin
clamp 104 is configured to accept a 4 mm or a 6 mm fixation
element. Other embodiments accept fixation elements of
other sizes. The rod clamp 102 may also be dimensioned to
accept a suitable sized rod, whether larger or smaller than the
example of 11 mm provided above.

In this embodiment, the saddle assembly 106 is a self
contained subassembly comprised of biasing or spring wash-
ers, inter-digitations and bearing components, along with a
retention device that act together to provide a tailored degree
of friction up to and including a positive locking of rod and
pin clamps 102, 104 with regard to the degrees of freedom. As
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used herein, the front or forward end of the clamps 102, 104
is the side of the clamp that receives the fixation element and
the rearward or backside is the side opposite the side of the
clamp receiving the fixation element.

FIG. 3 shows a partially exploded view of the clamping
device 100. In addition to the rod clamp 102, the pin clamp
104, and the saddle assembly 106, the clamping device 100
includes a locking subassembly comprising a spherical
washer 108, a post 110, a nut 112, and a lock nut 114 that
serves as a retention device to prevent inadvertent disassem-
bly. In the example shown in FIG. 3, the post 110 includes a
spherical head 116 on one end and threads 118 at the other end
that acts along with spherical washer 108 and nut 112 to
provide the locking function. The lock nut 114, in this
example, has threads opposite that of the threads 118 and is
threaded onto the post 110 to ensure that nut 112 cannot be
removed inadvertently. In this example, the lock nut thread is
aleft hand thread that ensures that when nut 112 is backed-up
against the lock nut 114, the act of further loosening the nut
112 will act to tighten lock nut 114. In some embodiments,
lock nut 114 is further secured with the use of a locking
compound. The spherical head 116 of the post 110 and the
spherical washer 108 ensure that mobility and self alignment
is maintained between the pin clamp 104 and the rod clamp
102 during the clamping action. The post 110 has a hexagonal
form mid shaft to mate with a non-circular spacer (described
with reference to FIG. 19) to provide an anti-rotation feature
such that when the nut 112 is tightened, the post 110 does not
simply spin within the rod and pin clamps.

In the example shown, the nut 112 is selected to be rota-
tionally engaged adjacent the rod clamp 102 instead of the pin
clamp 104. This enables torque reaction loads to be carried by
the thicker rod fixation element 12 (such as an 11 mm bar for
example,) rather than the thinner fixation elements 14 (such
as 5 or 6 mm pins for example). In addition, when the pin
clamp 104 and the rod clamp 102 are rotated relative to one
another about the post 110, the post 110 and the nut 112 rotate
together such that no loosening or tightening occurs. Thisis a
very important benefit to the surgeon over conventional sys-
tems, as it prevents a premature lock up or an inadvertent
loosening of the clamping assembly 100 during the reduction
of' the facture while maintaining the degree of tightening that
the surgeon would like. In other embodiments, the post is
inverted so that the nut 112 is rotationally engaged adjacent
the pin clamp 104. In some embodiments, the post component
does not include a head, but has two threaded ends that coop-
erate with two nuts for tightening the clamping assembly 100.
Additional description of the axes and a post component or
stud can be found in U.S. patent application Ser. No. 13/271,
744 to Mullaney, filed Oct. 12, 2011 , incorporated herein by
reference. In this example, the nut 112 also has an additional
feature that is of benefit to the surgeon, namely a ball formed
hex as opposed to a more conventional straight hexagonal
form. This allows the placement of a socket driver (not
shown) to within a conical volume rather than needing to be
coaxial with the nut. Essentially this provides a universal joint
of sorts that increases the user friendliness of the clamping
assembly 100.

The rod clamp 102 is described in greater detail with ref-
erence to FIGS. 4-12. FIG. 4 shows an exploded view, FIGS.
5 and 6 shows respectively inner and outer jaws, FIG. 7 shows
a side view, FIG. 8 shows a back view, and FIGS. 9-12 show
cross-sectional views.

The rod clamp 102 includes an inner jaw 122, an outer jaw
124, a latch 126, and a plurality of biasing members. These
are identified as one or more latch biasing members or latch
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springs 128, one or more jaw biasing members or jaw springs
130, and one or more clamp biasing members shown as one or
more spring wires 132.

In this embodiment, the inner jaw 122 includes a body with
a hollow center or recess 136 arranged to receive a portion of
the outer jaw 124. The inner jaw 122 cooperates with the outer
jaw 124 to clamp onto and secure a fixation element. It
includes an inner clamp face 138 that faces toward the outer
jaw 124 and includes an outer clamp face 140 (see FIG. 5) that
faces and interfaces with the saddle assembly 106 (FIG. 3).
Because of its hollow construct, the inner jaw 122 also
includes side wall portions 142 and a rear wall portion 144.
The side wall portions 142 include an inner facing portion
having a projecting guide 146 formed thereon. In FIG. 4, the
projecting guide 146 is shown as a projecting arc. Along an
outer facing portion of the sidewall portions 142 or along the
side of the inner jaw are a latch spring seat 148 and a notch
149. The latch spring seats 148 are shown as grooves extend-
ing along a side from a forward end of the inner jaw 122
toward the rearward end. The latch spring seats 148 are open
at the front end and closed at the rearward end and cooperate
with the latch springs 128 to bias the latch 126. The notch 149
is disposed below the latch spring seats 148 and is configured
to receive and associate with a portion of the latch 126.

The inner clamp face 138 includes a concavity or depres-
sion 152 formed therein. In addition, the inner clamp 122
includes receiving portions 154 in the corners of the hollow
center or recess 136 that receive and support corresponding
corners of the spring wire 132. As will be described in greater
detail below, the receiving portions 154 support the corners of
the spring wire 132, while the shape of the depression or
concavity 152 permits the spring wire 132 to deflect down-
wardly into the concavity under loading. This will be
described further below.

A central bore 160 extends from the inner clamp face 138
to the outer clamp face 140 and is sized to receive the post
110. The clamp may turn about the post providing rotation
about the yaw axis 140 (FIG. 3). In the example shown, the
central bore 160 is configured to permit the rod clamp 102 to
rotate about the pitch axis relative to the post in the manner
shown in FIG. 2. Accordingly, the central bore 160 is formed
with a length and a width, that length being greater than the
width. The central bore 160 is shown in cross-section in the
views of FIGS. 9 and 10. The central bore 140 is described in
greater detail in U.S. patent application Ser. No. 13/271,744
to Mullaney, filed Oct. 12, 2011 (published as U.S. Patent
Publication No. 2012/0089142), incorporated herein by ref-
erence.

A partial cylindrical bore 164 formed in the inner clamp
face 138 extends from the central bore 160 toward the rear of
the inner jaw 122. The partial cylindrical bore 164 is sized to
house the jaw spring 130 and to receive a downwardly extend-
ing portion of the outer jaw 124 in a manner that will
described below. In the example shown the partial cylindrical
bore 164 is sized and shaped with an upper opening smaller
than the maximum width of the groove, such that the partial
cylindrical bore 164 may house the jaw spring 130, but the
jaw spring 130 may not exit the partial cylindrical bore 164
through the inner clamp face 138. Instead, in this example the
jaw spring 130 may be placed into or removed from the partial
cylindrical bore 164 at the intersection of the partial cylindri-
cal bore 164 and the central bore 160. A trigger groove 166
extends from the central bore 160 toward the forward end of
the inner jaw 122. This trigger groove 166 accommodates a
portion of the outer jaw 120 that will be described below.

The outer clamp face 140 is a semi-cylindrical shaped
surface that includes parallel, longitudinal splines shown in
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FIG. 5. These are configured to interdigitate with the corre-
sponding splines on the saddle assembly 106. The cylindrical
shaped surface defines a radius about which the inner jaw 122
pivots to provide the range of motion. Although splines are
shown in FIG. 5, some examples use other friction enhancing
features, such as roughened surfaces, knurls, or even smooth
surfaces that can sufficiently engage to reduce the likelihood
of relative pivoting when desired.

The inner jaw 122 also includes a fixation element gripping
surface portion 168 shown as a transverse groove (FIG. 4).
The gripping surface portion 168 is disposed at the forward or
gripping side of the clamp 102 and engages the fixation ele-
ment or rod 12. It extends from one lateral side to another and
is shaped to receive a bar, pin, or other fixation or stabilization
component. The gripping surface portion 168 is formed with
a hook or lip at the front end of the clamp that secures the
fixation element in the clamp. The gripping surface portion
168 may be formed with a rounded bottom portion or may be
formed of a series of flats or faces. Some embodiments may
have a combination of both curves and flats. The depth of the
gripping surface portion 168 may vary between different
clamps depending on the size of the fixation element intended
to be gripped by the clamp. In some embodiments, the con-
figuration and depth of the gripping surface portion 168 may
be configured to secure a smaller diameter bar, such as a bone
pin or may be configured to secure a larger diameter bar, such
as a frame bar. Further, in some embodiments, because the
cross-section of the bars and pins may have shapes other than
circular, the gripping surface portion 168 may be shaped to
also mateingly interface with these bars and pins. For
example, the gripping surface portion 168 may include teeth,
cut-outs, or other features that interface with bars having a
non-smooth or non-circular outer surface.

The outer jaw 124 includes an inner clamp face 180 (FIG.
6) and an outer clamp face 182 (FIG. 4). The inner clamp face
180 includes a bar-receiving transverse gripping surface por-
tion 184, and a central bore 186. Similar to the gripping
surface portion 168 on the inner jaw 122 described above, the
gripping surface portion 184 extends from one lateral side to
another and is shaped to cooperate with the inner jaw 108 to
receive a bar, pin or other fixation or stabilization component.
Like the gripping surface portion 168 discussed above, the
gripping surface portion 184 may be formed with a rounded
bottom portion, flats, faces, or some combination of those. In
some embodiments, the depth and shape of the gripping sur-
face portion 184 is the same as the depth and shape of the
gripping surface portion 168. Accordingly, the discussion
above relating to the gripping surface portion 168 is equally
applicable to the gripping surface portion 184. In this
example, the gripping surface portion 184 includes laterally
extending teeth and includes relies that may improve fixation.

The central bore 186 includes features that enable it to
provide articulation relative to the post 110 in a manner that
the outer jaw articulation matches that of the inner jaw 122. In
some examples, and as can be seen in the cross-sectional
views of FIGS. 9 and 10, the central bore 186 is generally
hour-glass shaped, with a narrowing neck located between
the inner clamp face 180 and the outer clamp face 182. Atthe
inner clamp face 180, the central bore 186 is relatively rect-
angular shaped with a width and a length, the length being
greater than the width. From the inner clamp face 180, the
bore tapers inwardly toward the neck, with the inner bore
surfaces including curved portions as well as planar portions.
In the embodiment shown, and as best seen in FIG. 9, the
central bore 186 is sized to permit pivot rotation in the lateral
direction of the outer jaw 124 within, for example, a pivot
range of 40 degrees, matching that of the inner jaw 122. Other
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pivot ranges are contemplated and considered to be within the
scope of this disclosure. The pivot range may be modified by
changing the size of the bores 160, 186. Unlike the exemplary
inner jaw 122, however, the outer jaw 124 in this embodiment
is configured to also provide articulation in the longitudinal
direction or front-to-rear direction as can be seen by the
angles shown in the cross-section of FIG. 10.

The portion of the central bore 186 adjacent the outer
clamp face 182 is shaped as a spherical pocket 188. The
spherical pocket 188 is configured to receive and articulate
about the spherical washer 108, or alternatively, depending on
the assembly, the spherical head 116.

The outer jaw 124 includes lateral sides having a track 190
formed therein. The track 190 is sized and configured to
receive the projecting guide 146 on the inner jaw 122. This
canbeseenin FIGS. 9 and 11. In the example shown, the track
190 is shaped in an arc that permits the outer jaw 124 to slide
along the projecting guide 146 relative to the innerjaw 122. In
addition the track 190 has a track width that is greater than the
width of the projecting guide 146. Accordingly, the outer jaw
124 is able to displace axially along the post 110 relative to the
inner jaw 122 even while the projecting guide 146 is disposed
within the track 190. This can be seen best in the clearance in
FIG. 9. In this embodiment, the track 190 is also shaped
concentrically with the spherical pocket 188 so that when the
outer jaw 124 rotates about the track 190, it also rotates about
the spherical washer 108 or head 116.

Projecting from the inner clamp face 180 are a pivot tab 194
and a loading pin 196. The pivot tab 194 is disposed rearward
of'the central bore 186 and configured to fit within the partial
cylindrical bore 164 of the inner jaw 122. The loading pin 196
is disposed forward of the central bore 186 and is configured
to be engaged by a fixation element, such as a rod being
inserted into the clamp 102. It is configured to fit within the
loading pin groove 166. The loading pin 196 acts as a surface
on which the fixation element acts to trigger the closure of the
clamp.

Adjacent the gripping surface portion 184, the outer clamp
124 comprises shoulders 198 (FIG. 4) having a width larger
than the hollow recess 136 of the inner jaw 122. These shoul-
ders 198 may limit the forward movement of the latch 126.
The rearward end of the outer jaw 124 includes a stop surface
196 that is sized and arranged to fit about the latch when the
latch is in the locked position as shown in the cross-sectional
view in FIG. 10. This stop surface 196 abuts the latch and
prevents the clamp from opening after the upper jaw 124
rotates along the track 190 and enters a locked position.

In other embodiments, the projecting guide 146 is formed
on the outer jaw and the track 190 is formed on the inner jaw.
In other embodiments, the projecting guide is disposed on an
outwardly facing surface of the side wall portions 142 and the
track is formed on the outer jaw. Other arrangements are also
contemplated.

The latch 126 is described with reference to FIG. 4. The
latch 126 includes two sidewalls 210 connected by a rear bar
212. The sidewalls 210 include an inner facing surface por-
tion having a partial cylindrical bore 214 and a protruding lip
216 formed therein. The partial cylindrical bore 214 is con-
figured to align with the partial cylindrical bore 164 on the
inner jaw 122. On the latch 126 however, the partial cylindri-
cal bore 214 extends from the rearward end toward the for-
ward end of the latch 126. The partial cylindrical bore 214 on
the latch 126 and the partial cylindrical bore 164 on the inner
jaw 122 cooperate to retain the latch springs 128. This is best
seen in the cross-sectional view in FIG. 12. Because of the
oppositely disposed closed ends of the partial cylindrical
bores, the latch springs 128 bias the latch 126 toward the front
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of'the clamp 102. The protruding lip 216 is sized to fit within
the notch 149 (FIG. 9) and secure the latch 126 to the inner
jaw 122. Accordingly, the latch 126 may slide forward and
rearward along the inner jaw 122. A leading end 218 of the
sidewalls 210 is configured to abut against the shoulder 198 of
the outer jaw 124. Alternatively, a leading surface of the
sidewalls may abut directly against a fixation element in the
clamp 102. The outer surfaces of the sidewalls 210 include
finger gripping surfaces 220 that enable a user to grasp the
latch 126 to pull it in the rearward direction to open the clamp
102 as will be described below.

The rear bar 212 connects the two sidewalls 210 and
includes a bearing surface 222 that selectively engages the
stop surface 196 to prevent rotation of the outer jaw 124
relative to the inner jaw 122. That is, when the rear bar 212 is
disposed between the outer jaw 124 and the inner jaw 122, the
rear bar 212 may be disposed between the jaws so that the
outer jaw 124 cannot pivot. This is best seen in FIG. 10.

The spring wire 132 is disposed between the inner clamp
face 180 of the outer jaw 124 and the inner clamp face 138 of
the inner jaw 122. It is supported at its corners and spans the
depression 152. Here, the spring wire 132 is a substantially
square shaped with an opening at one end having angled ends
that help secure the wire in place. When the projecting guides
126 are disposed within the track 190, the inner clamp face
180 of the outer jaw 124 sits or rests on the spring wire 132 as
shown in FIG. 11. Accordingly, when the clamp is not in a
fully locked condition, the spring wire 132 biases the outer
jaw 124 away from the inner jaw 122 into the position shown
in FIG. 11. However, at the same time, the projecting guides
126 interface with the track 190 and prevent further axial
separation of the jaws. This is a provisionally locked condi-
tion. As will be described below, when the clamp 104 is
placedina fully locked condition, the wire spring 132 deflects
into the depression 152 as the outer jaw 124 is forced further
toward the inner jaw 122, and the inner and outer jaws 122,
124 become frictionally engaged. Although shown as a single
spring wire in this embodiment, in other embodiments, two or
more spring wires are used. These may be placed in a parallel
arrangement and extend in the forward-rearward direction or
other arrangement. For example, one may be disposed on
each side of the hollow or recess 136 described with reference
to FIG. 4. In other embodiments, coils springs are used. Other
biasing elements are contemplated.

In use, the outer jaw 124 is rotationally engaged with the
inner jaw 122 where the projecting guide 146 and the track
190 engage and form a common center of rotation with the
spherical pocket 188. The upper facing surface of the track
190 is held against the lower facing surface of the projecting
guide 146 by a bias force generated by the slight deflection of
the spring wire 132 as shown in FIG. 11. The purpose of this
bias force is to provide a preload to hold the jaws 122, 124 in
their proper locations while in an open position such that a
fixation element may be inserted easily while still allowing
for the clearance necessary to affect a clamping load onto the
fixation elements once the clamps are tightened. It also
ensures that the outer jaw 124 is held in engagement with the
spherical washer 108 or head 116 on the post 110, ensuring
that the outer jaw 124 rotates about the center of rotation of
the washer 108 or the post’s spherical head 116. Unlike con-
ventional systems, this separation spring force acts to preload
the clamping assembly 100 in the open position as opposed to
closed position. This separation force can also be used to
preload the entire clamp 102, such that excessive lash is
eliminated. Said another way, the spring wire 132 biases the
facing surfaces of the inner and outer jaws 122, 124 away
from each other. At the same time, as indicated above, the
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spring wires 132 bias the upper facing surface ofthe track 190
against the lower facing surface of the projecting guide 146.
Other such mechanisms for providing a separation force
between the inner and outer jaws 122, 124 are also envisioned
such as more conventional spring elements.

The pin clamp 104 is described with reference to FIGS.
13-18. It is similar to the rod clamp 102 described above in
many ways and therefore, portions of the description above
applies equally to the pin clamp 104 and will not be entirely
repeated. The pin clamp 104 includes an inner jaw 250, and
outer jaw 252, the latch 126, and the plurality of biasing
elements. The biasing elements and the latch are similar to the
biasing elements and the latch described with reference to the
rod clamp and will not be described further here. For simplic-
ity, similar features of the jaws will be given similar refer-
ences numbers.

The inner and outer jaws 250, 252 have many similarities to
the inner and outer jaws described above, but are configured
and arranged to accommodate fixation elements, such as pins,
of multiple sizes. This makes the general utility of the clamp
greater, as surgeons can use the clamp with more than one size
of fixation elements.

As can be seen the inner jaw 250 includes an extended
gripping surface portion 254. The gripping surface portion
254 is configured to engage and support a fixation element in
the manner discussed above. In this case however, the
extended gripping surface portion 254 comprises a first trans-
verse groove 260 and a second transverse groove 262. As will
be discussed below, these are designed to accommodate dif-
ferent sized fixation elements. The inner jaw 250 also
includes an extended loading pin groove 256. Similar to the
loading pin groove 166 discussed above, the extended loading
pin groove 256 extends from the central bore to the front end
of the inner jaw 250.

The outer jaw 252 includes an extended gripping portion
270 and a loading pin 272. These can be seen in FIGS. 13 and
14. The extended gripping portion 270 is configured to
engage and support a fixation element in the manner dis-
cussed above and comprises a first transverse groove 264 and
a second transverse groove 266. The loading pin 272 in this
embodiment includes a base 274 and a projecting portion 276
angled from the base 274. The loading pin 272 is sized to fit
within the loading pin groove 256 when the clamp 104 is in a
closed position. The loading pin 272 serves multiple pur-
poses. For example, it acts as a surface on which the fixation
element acts to trigger the closure of the clamp. In addition, it
cooperates with the extended gripping portion 270 to align the
fixation elements with the suitable transverse groove. For
example, the loading pin 272 and the extended gripping por-
tion 270 allow a larger fixation element to progress to fit
between and be grasped by the first transverse grooves 260,
264, and allows a smaller fixation element to progress to fit
between and be grasped by the second transverse grooves
262, 266. In this example, the loading pin 272 does not play a
part in the clamping function as it falls into the loading pin
groove 256 in the inner jaw 250. The path formed between the
loading pin 272 and the transverse grooves 264, 266 is some-
what convoluted to allow for the transverse grooves 264, 266
on the outer jaw 252 to wrap around the fixation elements to
provide a more stable capture of the fixation element.

FIG. 15 shows both a 6 mm and a 5 mm construction circle
superimposed upon both the inner jaw 250 and the outer jaw
252. These construction circles represent 6 mm and 5 mm
fixation elements, respectively. The inner jaw 250 includes
the first transverse groove 260 and the second transverse
groove 262, with the first transverse groove 260 suited to
accept the 6 mm fixation element and the second transverse
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groove 262 suited to accept the 5 mm fixation element. The
grooves 260 and 262 are radially disposed with respect to the
outer jaw 252. Similarly, the transverse grooves 264, 266 the
outer jaw 252 are disposed as denoted by the corresponding
construction circles. These grooves 264, 266 are constructed
so that a straight line between the centers of the respective
construction circles in each of the inner and outer jaws 250,
252 will be coincident when the jaws 250, 252 are arranged to
clamp either of the fixation elements 6 mm or 5 mm. This
ensures that the rotation or displacement of the outer jaw 252
with respect to the inner jaw 250 is substantially the same
regardless of what size fixation element is chosen. Doing so
allows that the other components that make up the pin clamp
104 to each function in the same way leading to a similar,
relatively predictable, and relatively reliable design than
other designs. It should be noted that grooves for other fixa-
tion elements are also contemplated. Further, a pin clamp that
includes grooves of only one size is also contemplated. That
is, the first transverse groove 260 cooperates with the first
transverse groove 264 to securely capture and hold the 6 mm
fixation rod in place. Likewise, the second transverse groove
262 cooperates with the second transverse groove 266 to
securely capture the 5 mm fixation rod. In this example,
although the jaws 250, 252 accommodate a plurality of dif-
ferent sized fixation elements, the relative position ofthe jaws
250, 252 remain constant. Although described with reference
to 5 mm and 6 mm fixation elements, these are only exem-
plary and other sized fixation rods are contemplated.

FIGS. 16 and 17 show the in clamp 104 in a closed condi-
tion and in an open condition respectively. The open condi-
tion, which may also be referred to as a cocked state is
achieved by pulling back on the latch 126, which is slidably
engaged to the inner jaw 250 via the notch 149 and the
protruding lip 216. This is done against the force of the
biasing members identified as latch springs 128, which are
captured in the latch spring seat 148 and partial cylindrical
bore 214. When the latch 126 is pulled back a sufficient
distance, the bearing surface 222 is moved out from under the
stop surface 196 of the outer jaw 252. This allows the outer
jaw 252 to be able to rotate relative to the inner jaw 250. The
force of the jaw spring 130 bearing on the pin or tab 194
causes the outer jaw 252 to rotate about the inner jaw 250 and
the spherical washer 108 or spherical post end 110 into the
open state. That is, the gripping surface portions of the inner
and outer jaws 250, 252 further separate, opening the jaws to
a position wider than the diameter of the fixation element. At
this point, ifthe latch 126 is released, it will come into bearing
with the back side of outer jaw 252, effectively holding the
jaw and the clamp in the open condition or cocked state.

The closed or latched state occurs as a result of the fixation
element insertion process. When the fixation element comes
to bear against the back of the loading pin 272, the result is a
torque acting to rotate closed the outer jaw 252. As described
above, the outer jaw 252 rotates relative to the inner jaw 250
and relative to the spring wire 132. This rotation displaces the
tab 192 relative to the inner jaw 250 against the jaw spring
130, compressing the jaw spring 130. The jaw spring 130
compresses as a result of the rotation. As the outer jaw 252
rotates relative to the inner jaw 250 and latch 126, the rear-
ward portion of outer jaw 252 rises. When the rearward por-
tion of outer jaw 252 is raised up high enough to give clear-
ance to the bearing surface 222 allowing the latch 126 to move
forward, the outer jaw 252 becomes locked in the closed
position. The bearing surface 222 on the latch 126 prevents
the upper jaw 252 from being able to rotate back to an open
condition. In some embodiments, the leading end 218 or
another leading surface on the latch 126 16 may also come to
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bear against the fixation element and may serve as a forward
stop for the latch 126. Alternatively, the leading end 218 of the
latch 126 may abut against the shoulder 198 of the outer jaw
124. The force generated by the latch 126 on the fixation
element or on the contact shoulder 198 provides a provisional
retention of the fixation element relative in the respective pin
or rod jaws 102, 104 and the assembly 100 as a whole. In this
provisional retention state, the clamping assembly 100 may
easily slide along the inserted fixation elements or rotate
about the inserted fixation elements, but the fixation element
cannot be removed from the assembly 100 without releasing
the latch 126. In addition, the engagement between the fixa-
tion elements and the latch may increase the frictional resis-
tance to movement of the clamp relative to the fixation ele-
ment when the clamp is in the provisional retention state. This
prevents or reduces the likelihood of the assembly 100 sliding
or rotating on the fixation elements merely by gravitational
forces. However, the frictional resistance still permits a sur-
geon to slide or rotationally adjust the assembly 100 prior to
the full lock. In a similar manner, friction from the gripping
surface portions and the fixation element increases the fric-
tional resistance to movement in the provisional retention
state. This prevents or reduces the likelihood of the assembly
100 sliding or rotating on the fixation elements merely by
gravitational forces. However, the frictional resistance still
permits the surgeon to slide or rotationally adjust the assem-
bly as desired by the surgeon, prior to the full lock.

The process of releasing the fixation element is identical to
the process for opening or cocking previously described. That
is, the latch 126 is pulled rearwardly, compressing the latch
springs 128 and permitting the jaw spring 130 to rotate the
outer jaw 252 relative to the inner jaw 250. The rod clamp 102
operates in a similar fashion as the pin clamp 104 except that
it will only accept a fixation element of a single dimension.

As shown in FIG. 3, interposed between rod clamp 102 and
the pin clamp 104 about the post 110 is the saddle assembly
106. The saddle assembly 106 is arranged to permit the rod
clamp 102 to rotate relative to the pin clamp 104 when the
clamping device 100 is in an unlocked or in a provisionally
locked condition. In addition, the saddle assembly 106 pro-
vides a foundation or base for each of the rod clamps 102 to
independently pivot about the pitch axis 130 in FIG. 2 relative
to the pin clamp 104.

FIGS. 18-21 show a first embodiment of the saddle assem-
bly 106. FIG. 18 shows it in an exploded form, FIGS. 19 and
20 shows components of the saddle assembly in greater
detail, and FIG. 21 shows a portion of the saddle assembly
106 in cross-section. The saddle assembly 106 includes a
series of components including a through spacer 302, a first
saddle base 304, a second saddle base 306, and a non-circular
spacer 308. In the example shown a spring washer 310 is
disposed between each of the saddles and the adjacent spac-
ers. These components are described below. The through
spacer 302 and the first saddle base 304 are shown in FIGS. 19
and 20. The through spacer 302 is configured to selectively
space the saddle base 304 from the inner jaw of the adjacent
clamp and prevent relative pivoting between the saddle base
304 and the adjacent clamp when the clamping device 100 is
in a fully locked condition. This embodiment will be
described as though the through spacer is disposed to engage
the rod clamp 102, although the saddle assembly could be
rotated so that the through spacer engages the pin clamp 104.

The through spacer 302 is includes a clamp facing side 312
and a saddle facing side 314. The saddle facing side 314 in
FIG. 19 can be disposed within a spacer seat 318 of the saddle
base 304 (also shown in FIG. 3) and interfaces with the spring
washer 310, while the clamp facing side 312 is arranged to
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face the adjacent inner jaw of the rod clamp 102. The through
spacer includes a through hole 316 that extends from the
saddle facing side 314 through the jaw facing side 312. The
through hole 316 is sized and shaped to permit the through
spacer 316 to rotate with its corresponding saddle 304 about
the post 110. The through spacer 302 is shaped and config-
ured to sit within the spacer seat 318 to prevent relative
rotation between the through spacer 302 and the saddle base
304. Inuse, the smooth cylindrical surface of the clamp facing
side 312 concentrically mates with the cylindrical articulating
portion of the outer clamp face 140 of the inner jaw 122 in a
manner shown in FIG. 2. The height of the through spacer 302
is selected to cooperate with the depth of the spacer seat 318
to selectively engage and disengage the linear splines of the
saddle base 304 with the linear splines on the splined portion
of'the outer clamp face 104 of the inner jaw 122. Particularly,
when the spring washer 310 is in an uncompressed state, the
through spacer 302 is offset from the saddle base 304. This
offset correspondingly offsets the inner jaw 122 from the
saddle base 304 so that the linear splines of the saddle base
304 and the inner jaw 122 are disengaged. In this condition,
the inner jaw 122, and thus the entire rod clamp 102, may
pivot about the pitch axis 30 relative to the saddle assembly
106, with the cylindrical articulating surface of the outer
clamp face 140 of the inner jaw 122 interfacing with the
surface 312 on the through spacer 302. When the clamping
assembly 100 is placed in the fully locked condition, the
spring washer 310 compresses, the offset is reduced or elimi-
nated, and the through spacer 302 seats more completely or
fully within the spacer seat 318. Likewise, the inner jaw 122
moves closer to the saddle base 304 until the linear splines on
the cylindrical surface of the inner jaw 122 engage the linear
splines on a clamp interfacing portion 328 of the saddle base
304. This locks the clamp 102 to the saddle assembly 106,
preventing further pivoting rotation about the axis.

Still referring to FIGS. 19-21, the saddle base 304 includes
an inner facing side 320 and an outer facing side 322. The
inner facing side 320 is shown in FI1G. 20 and the outer facing
side 322 is shown in FIG. 19. Starting with the outer facing
side 322, the saddle base 304 includes a centrally disposed
through hole 324, a bias member or spring washer seat 326,
and a clamp interfacing portion 328 with interdigitations 330.
The through hole 324 is a central bore extending from the
inner facing side 320 to the outer facing side 322. It is sized
and configured to receive the post 110 and is sized to permit
the saddle base 304 to freely rotate about the post 110. The
spring washer seat 326 and the clamp interfacing portion 328
are concentrically disposed about the through hole 324. The
spring washer seat 326 is sized to receive the spring washer
310. The clamp interfacing portion 328 is disposed between
the spring washer seat 326 and the saddle base perimeter and
is configured to selectively engage with and provide positive
retention from relative pivot movement about the pitch axis
30 when the saddle assembly 106 and the rod clamp 102 are
locked together, thereby preventing relative rotation between
the saddle assembly 106 and the clamp 102 when the clamp-
ing device 100 is in a fully locked condition. In this example,
the clamp interfacing portion 328 includes friction enhancing
features such as interdigitations or splines that engage corre-
sponding friction enhancing features such as interdigitations
or splines on the clamp 102 when the clamping device 100 is
fully locked. It is worth noting that the spring washer 310 is
disposed between the saddle base 304 and the through spacer
302.

The inner facing surface 320 ofthe saddle base 304 faces a
corresponding inner facing surface of the saddle base 306.
Each of these have friction enhancing features, such as radial
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splines 342, configured to engage and prevent relative rota-
tion between the saddle bases. Other friction enhancing fea-
tures are contemplated. In the example shown, the saddle base
304 is formed with a built-in, flexible, biasing function that
biases the saddle base 304 away from the saddle base 306.
This biasing function is formed by a plurality of grooves 338
formed in the base that permit the center portion 340 of the
saddle base 304 to elastically displace relative to the saddle
perimeter when a load is applied. FIG. 21 shows a portion of
this in cross-section. In the example shown, when in a neutral
condition, the center portion 340 of the saddle base 304
projects at least to or beyond a plane formed through the
friction enhancing features 342, shown as splines. Accord-
ingly, in a neutral condition, the center portion 340 engages
the opposing center portion of the saddle base 306 and offsets
the friction enhancing features 342 from the opposing saddle
base 306 as shown in FIG. 21. Under sufficient load, the
center portion 340 may deflect to a position below the plane
through the friction enhancing features 342. This enables the
friction enhancing features 342 to engage and cooperate with
the friction enhancing features of the opposing saddle base
306. The saddle base 306 is formed in the same manner as the
saddle base 304 and will not be described further here.

The non-circular spacer 308 cooperates with the saddle
base 310 and performs the same interfacing function as the
through spacer 302. In addition, the non-circular spacer 308
includes a protruding boss 350 with an inner non-circular
shape, shown in this example as a hex shape, that matches the
noncircular shape of the post 110 shown in FIG. 3. Accord-
ingly, when the non-circular spacer 308 is disposed on the
post 110, it may be restricted from rotating about the post 110.
The saddle bases 304, 306 and the through spacer 302 all fit
about the boss 350 and may be configured to rotate relative to
the boss 350. Accordingly, the through spacer 302 and the
saddle base 304 may be configured to rotate relative to the
non-circular spacer 308 and the post 110. The saddle base 306
may be restricted from rotation about the boss 350 because it
receives a portion of the non-circular spacer 308 into a seat
that prevents relative rotation. Accordingly, in the example
shown, the through spacer 302 and the saddle base 304 may
rotate with the rod clamp 102 about the post 110. Likewise,
the non-circular spacer 308 and the saddle base 306 may
rotate with the pin clamp 104 about the post 110. In other
respects, the non-circular spacer 308 may include features
similar to those described above with reference to the through
spacer and may be configured to engage the pin clamp 104.

The saddle assembly 106 may be configured to also include
a retaining ring 380 that may permit the saddle assembly 106
to be independently assembled as a complete subassembly.
This retaining ring 380 is shown in FIG. 21. The retaining ring
may permit the saddle assembly to be preloaded by preload-
ing the washer springs and the flexible biasing portions of the
saddle bases as described further below.

In an alternative embodiment shown in FIGS. 22 and 23,
and referenced herein as 106a, the saddles include solid
bases, and they are selectively separated by an additional
spring washer 310. This saddle assembly includes a through
spacer 402, two saddle bases 404, 406, and a non-circular
spacer 408, with spring washers 310. They are similar in
many ways to the components described above, and their
descriptions will not be repeated here. In addition, the saddle
assembly 106a also includes a retaining ring 412 that engages
aboss on the non-circular spacer 408 and maintains the saddle
assembly 106a in a single assembly. This can be easily seen in
FIG. 23. This may enable easier assembly of the overall
clamping assembly 100.
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In one example, the spring washers 310 in the saddle
assembly 106 and 1064 are selected to be high spring rate
washers. As used herein, the term “high spring rate” is
intended to include spring rate values that exceed the opera-
tional forces applied to latch or provisionally secure fixation
elements into the inner and outer jaws and that are sufficient
to maintain interdigitating surfaces in a spaced apart relation-
ship. In one example, this is a spring rate of about 30 lbs/inch
or greater. In some examples, the spring washers 310 have a
spring rate of about 50 Ibs/inch or greater. In this example, the
spring washers are high spring rate washers resulting in a high
force, but low travel.

Because of the high spring rate, all latching is accom-
plished without any degree of force being applied on the jaws
of'the clamps 102, 104 by the spring washers 310 in a manner
that contributes to the latching. As such, for purposes of the
latching onto a fixation element, the saddle assembly 106,
1064 has a stiffness such that it may be treated as a rigid body
because it does not play a role in the latching.

Some prior systems include a clamping assembly having a
spring element that acts to force inner and outer jaws together
to create a clamping interaction. In this disclosure, the spring
washers 310 act in a direction that would, only if an excessive
load was applied to the saddle assembly 106, act to force the
inner and outer jaws together. However, in the embodiment
shown, the saddle assembly 106, 1064 is preloaded to an
amount greater than that which would cause complete deflec-
tion of spring wires 132. Accordingly, if loads that caused
deflection of the spring washers 310 or the saddle bases 304,
306 were present, then the wire springs 132 in the pin and rod
subassemblies 101 and 103 would necessarily already be
completely deflected (because of their significantly lower
spring rates), rendering the rod and pin clamps 102, 104
inoperable because they would not be able to accept a fixation
element. Instead of assisting in the insertion process or the
clamping process, the spring washers 310 and the biasing
portions ofthe saddle bases 304, 306 enable smooth reduction
of the fracture after the fixation elements are inserted and
latched. In fact, there is no mechanism available to provide
such a preload other than the clamping elements that as stated
would render the clamp inoperable if they were to be tight-
ened prior to insertion of a fixation element.

In one example, the initial preload is set so that the non-
circular spacer 308, 408 isolates the saddle assembly 106,
106a from the clamps 102, 104. In one example of the system
100, the saddle assembly 106, 1064 is preloaded. Accordingly
displacement occurs only when loading on the system 100
exceeds the preload. This preload may be established so that
only loads exceeding, for example, 260 k 1bF/in create addi-
tional displacement. In one embodiment, the 260 k 1bF/in is
the spring rate of the non-circular spacer. By using such a
preload, the spring washers 310 and the biasing portions of
the saddle bases 304, 306 therefore will contribute forces for
clamping jaws together only after 260 k 1bF/in is reached.
Other thresholds are contemplated. Since the clamps 102, 104
will already be closed by that time, the saddle assembly
spring washers 310 and the biasing portions of the saddle
bases 304, 306 play no role in the jaw clamping process, but
act as rigid elements during the jaw clamping process.

Below is a table comparing the difference in the forces and
stored energy applied by the latch springs 128 and the jaw
spring 130 when the clamps 102, 104 are in an open position
and when in a closed position. It is worth noting that conven-
tional devices have an open condition, where springs have a
first lower stored energy (spring displacement is low or zero)
and a closed condition where springs have a second higher
stored energy (spring displacement is relatively higher). That
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is, the process of inserting a bar into the clamp compresses the
spring, resulting in an increase in spring force. However, the
device of the present disclosure shows the energy introduced
into the system and that the latch springs 128 are compressed
when the latch 126 is pulled rearwardly and the clamp is in an
open condition.

Spring Open Closed

Latch Spring (each)
Rate =4.11 IbF/in
Free Length = 0.500 in

Installed Length =
0.250 in

Load = 1.03 IbF
Energy = 0.129 in-IbF

Installed Length =
0.330 in

Load = 0.70 IbF
Energy = 0.060 in-lbF

Jaw Spring Installed Length = Installed Length =

Rate = 8.78 IbF/in 0.240 in 0.130 in

Free Length = 0.250 in Load = 0.09 IbF Load = 1.05 IbF
Energy = 0.0005 Energy = 0.063
in-1bF in-1bF

Based on the values, the total Energy Comparison for two
latch springs and one jaw spring is:

Open=2x0.129+0.0005=0.259 in-IbF

Closed=2x0.060+0.063=0.183 in-1bF

Accordingly, the total energy is lower when the latch is
closed. The table above shows the stored energy value for the
latch springs when the clamp is in an open condition. When
the latch 126 is released and moved forward to a closed
position, some but not all the energy is released. The table
shows the stored energy value for the latch springs 128 in a
closed condition. The closed condition has a lower stored
energy value. Thus, the device 100 has less stored energy in a
closed condition than the open condition. It should also be
noted that the energy is acting in the direction of insertion
instead of in the direction of the post. In this example, the
direction of insertion is transverse to the direction of the post.

The jaw spring 130 does not act on the bar or pin, and it
could be ignored. However, for completeness, it is included.
Even taking the jaw spring into account, the Total Energy
Comparison for the springs of the rod clamp are 0.183 in-1bF
in the closed condition and 0.259 in-1bF in the open condition.

It should be noted that the spring parameters may vary from
those used in the above example. For example, the lengths and
rates may differ among different clamps. Even still, the
arrangement may provide the advantage of a lower spring
energy in the clamped position than when in the open posi-
tion.

In use, the clamping assembly 100 may be in the open
position to start or may be set in the open position be pulling
the latch 126 relative to the inner and outer jaws of one of the
pin or rod clamps 102, 104. For explanatory purposes, the
operation will be described relative to the rod clamp 102.
Pulling the latch 126 compresses the latch springs 128,
increasing the potential energy in the clamp. With the latch
126 pulled back, the outer jaw 124 has clearance to rotate
relative to the latch 126 and the inner jaw 122. With the latch
126 pulled back, the jaw spring 130 biases the outer jaw 124
relative to the inner jaw 122 to the open position. Particularly,
once the latch 126 is pulled back, the jaw spring 130 acts
against the tab 192 to rotatably displace the whole outer jaw
124 relative to the inner jaw 122. The latch 126 is held in its
displaced position by interference with the rear portion of the
outer jaw 124. Because the latch 126 is pulled back, the latch
springs 128 are compressed, having high potential or stored
energy.

With the clamp 102 in the open position, the fixation ele-
ment 12 may be introduced as described above. That is, the
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fixation element is introduced between the inner and outer
jaws 122, 124. These are arranged to have an opening with a
width greater than the width of the fixation element. Accord-
ingly, the fixation element can pass through the opening with-
out changing the spring energy levels. When the fixation
element is between the jaws 122, 124, further insertion causes
the fixation element to engage the loading pin 272 and dis-
place the outer jaw 124. The outer jaw 124 then begins to
rotate about the spherical washer 108 or the spherical head
116 ofthe post 110. Rotation of the outer jaw 124 triggers the
spring-loaded latch 126, moving the jaws 122, 124 from the
opento the closed position, and capturing the fixation element
between the inner and outer jaws 122, 124. As this occurs, the
energy stored within the compressed latch springs 128 is
released. Accordingly, the amount of energy stored within the
subassembly decreases when fixation elements are inserted,
as aresult of the triggering mechanism. However, as indicated
in the table above, a portion of the energy still remains. This
remaining portion of energy provides a provisional clamping
force on the fixation element.

When the clamp 102 is in the closed position, with a fixa-
tion element secured therein, the clamp 102 is in the provi-
sional retention state. In this state, the fixation elements can-
not be removed from the clamp 102, but the clamp 102 is still
loose enough for adjustable connection.

In one example, the clamp 102 still frictionally engages the
fixation element with enough force to prevent loose sliding
resulting solely from gravity. Accordingly, a surgeon can
manipulate the fixation frame or slide or rotate the clamping
assembly 100 on the fixation elements to a desired position.
Because the spring wire 132 biases the jaws 122, 124 to grip
the fixation element, the assembly 100 is not floppy or does
not move merely as a result of gravitational forces, but
requires a surgeon to manipulate it.

When the surgeon has placed the fixation frame or the
clamping assembly 100 in a desired position, he may fully
lock it down to prevent further adjustment and further move-
ment. This is done by tightening the nut 112. As the nut 112
tightens on the post 110, the rod and pin clamp 104, 102 begin
to compress. Because the spring wires 132 in the rod and pin
subassemblies have lower spring rates than the spring wash-
ers 310 in the saddle assembly 106, these deflect first as the
nut 112 is tightened. As the nut 112 tightens, the inner and
outer jaws 122, 124 move toward each other compressing the
spring wires 132, and increasing the frictional gripping force
of the jaws 122, 124 on the fixation elements until the outer
jaw and the inner jaw are substantially rigid. This occurs as
the outer jaw 124 is compressed against the fixation element
and the latch 126. Continued tightening of the nut 112 results
in higher forces that act to compress the high spring rate
spring washers 310 in the saddle assembly 106. As these
compress, the interdigitations of the saddle bases 304, 306
and the inner jaw 122, 250 engage or mechanically interfere
to eliminate or reduce pivoting rotation of the clamps relative
to the saddle assembly 106. At the same time, the facing
interdigitations of the two saddle bases 304, 306 engage or
mechanically interfere to eliminate or reduce relative rotation
of the saddles bases 304, 306 about the post 110, thereby
fixing the rotational position of the pin and rod subassemblies
102, 104 relative to each other. In this condition, the clamping
assembly 100 is in a fully locked position. Disassembly ofthe
fixation frame assembly can be achieved by loosening the nut
112 to return the assembly 100 to the provisional retention
position and pulling back the latch 126 to pivot the upper jaw
124 and release the fixation element.

In this embodiment, the entire mechanism of retention
operates entirely independently of the mechanism for lock-
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ing. That is, all the energy contained in the provisional clamp-
ing is independent of and separate from the spring energy
used to fully lock down or fully clamp the fixation element. In
addition, as is apparent from the drawings, the spring forces
that drive the triggering mechanism and capture the fixation
element act in a direction transverse to the post direction,
instead of along the post direction. In contrast, the spring
forces that drive the locking mechanism are all acting in a
direction parallel to the post direction. Thus, each of the pin
clamp 104, the saddle assembly 106, and the rod clamp 102
act independently of one another and can operate as desired
without the aid of the others.

While it is contemplated that some embodiments of the
assembly 100 are single use devices for medical applications,
one of the advantages of the assembly 100 is its ability to
release and receive an alternative rod or pin. For example,
pulling the latch not only releases a fixation bar held in the pin
orrod subassemblies, but also places the assembly in the open
condition to receive another pin or fixation rod. This becomes
particularly useful as surgeons or other health care profes-
sionals set up the external fixation system with multiple rods
and multiple pins. If the health care profession decides to
modify the arrangement of the fixation system, he or she can
easily do so by pulling the clamp to release the bar or pin, and
then conveniently clamp onto an alternate bar or pin without
further clamp manipulation. The assembly 100 can then be
locked using the locking subassembly as discussed above.
Although shown as springs of different types, including coil
springs, washer springs, and wire springs, the biasing mem-
bers may be other types of biasing members.

In one aspect, the present disclosure is directed to an exter-
nal fixation clamp that has the ability to retain without release
at least one fixation element, where the act of insertion is
carried out on a clamp in a state where the aperture through
which the fixation element must pass is greater in width at all
points than the fixation element through its greatest cross
section.

In another aspect, the present disclosure is directed to an
external fixation clamp that has the ability to retain without
release at least one fixation element, where the act of insertion
of the fixation element results in a trigger event whereby
energy stored within the clamp is released, a portion of which
remains to provide a provisional clamping force on the fixa-
tion element.

In another aspect, the present disclosure is directed to an
external fixation clamp that has the ability to retain without
release at least one fixation element where the mechanism of
retention is separate from the mechanism of clamping.

In another aspect, the present disclosure is directed to an
external fixation clamp that has the ability to retain without
release at least one fixation element where the removal of the
clamping element from the fixation element results in the
clamping element being ready without further adjustment to
accept another fixation element.

In another aspect, the present disclosure is directed to an
external fixation clamp that has the ability to retain without
release at least one fixation element that has the ability to
generate a variable amount of resistance to motion that is a
function of the degree to which the clamp is tightened, and
where that amount of adjustment is invariant with respect to
all external action applied to the clamp except a change in the
amount of tightening of the clamping element.

In another aspect, the present disclosure is directed to an
external fixation clamp that has the ability to retain without
release at least one fixation element where having the amount
of stored energy within the clamp becomes less as fixation
elements are inserted.
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In another aspect, the present disclosure is directed to an
external fixation clamp that has the ability to retain without
release at least one fixation element where a plurality of
cylindrical sizes can be accommodated individually where
the relative positions of the jaw elements remains a constant.

In another aspect, the present disclosure is directed to an
external fixation clamp that has the ability to retain without
release at least one fixation element and whose natural state
(the one having the least stored energy) is the closed state.

In another aspect, the present disclosure is directed to an
external fixation clamp that has the ability to retain without
release at least one fixation element whose clamping element
has a tightening interface that is in a plurality of sections
spherical in nature.

In another aspect, the present disclosure is directed to an
external fixation clamp for receiving a fixation element. The
fixation clamp comprises a jaw subassembly that includes an
inner jaw and an outer jaw cooperatively arranged with the
inner jaw to capture a fixation element. The inner and outer
jaws may be movable between an open position that permits
the fixation element to be placed between the inner and outer
jaws and a closed position that restricts removal of the fixation
element from between the inner and outer jaws. The jaw
subassembly also includes a latch assembly cooperating with
the inner and outer jaws to secure the jaws in a closed posi-
tion. The latch assembly comprises a latch and a latch spring,
where the latch spring has a first higher level of stored energy
when the inner and outer jaws are in the open position and a
second lower level of stored energy when the inner and outer
jaws are in the closed position.

In one aspect, the latch is configured to linearly translate
relative to one ofthe upper and lower jaw pairs and the change
in stored energy is a result of compressing a coil spring during
the linear translation of the latch.

In another aspect, the present disclosure is directed to an
external fixation clamp for receiving a fixation element. It
includes an inner jaw having a first seat for a first fixation
element having a first size and having a second seat for a
second fixation element having a second size different than
the first size. It also includes an outer jaw having a third seat
for the first fixation element of the first size and a fourth seat
for the second fixation element of the second size.

In another aspect, the present disclosure is directed to an
external fixation clamp for receiving a fixation element. It
includes an inner jaw and an outer jaw cooperatively arranged
with the inner jaw to capture a fixation element. The inner and
outer jaws may be movable between an open position that
permits the fixation element to be placed between the inner
and outer jaws and a closed position that restricts removal of
the fixation element from between the inner and outer jaws.
The clamp also includes a biasing element disposed between
the first and second jaws and configured to bias the first and
second jaws to the open position.

The other aspects of these figures is to demonstrate that the
force that acts on the springs is born by the cocking process
and not the insertion process and that ultimately there is less
stored energy in the clamping assembly after insertion that
there was prior to insertion. This too is a departure from the
prior art and as already mentioned this decouples the require-
ment of the clamping elements from the latching elements
leading to a consistent easier to operate clamping assembly.

The invention claimed is:
1. An external fixation clamp for receiving a fixation ele-
ment, comprising:
an inner jaw comprising a clamping portion and a rear
portion opposite the clamping portion;
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an outer jaw comprising a clamping portion and a rear
portion opposite the clamping portion, the clamping por-
tions of the inner and outer jaws being cooperatively
arranged to capture a fixation element, the inner and
outer jaws being movable between an open position that
permits the fixation element to be placed between the
inner and outer jaws and a closed position that restricts
removal of the fixation element from between the inner
and outer jaws;

a latch assembly cooperating with the inner and outer jaws
to secure the jaws in the closed position, the latch assem-
bly comprising a latch and a latch biasing member, the
latch comprising first and second sides connected by a
bar, the bar being disposed between the rear portions of
the inner and outer jaws, the first side mating with a first
side of each of the inner and outer jaws, the second side
mating with a second side of each of the inner and outer
jaws, the latch being configured to translate linearly
relative to one of the inner and outer jaws, the latch
biasing member having a first higher level of stored
energy when the inner and outer jaws are in the open
position and a second lower level of stored energy when
the inner and outer jaws are in the closed position; and

a jaw biasing member biasing the outer jaw away from the
inner jaw, wherein the jaw biasing member is disposed
between the inner and outer jaws and is a wire spring.

2. The external fixation clamp of claim 1, wherein the
change in stored energy is a result of un-compressing the latch
biasing member element during the linear translation of the
latch.

3. The external fixation clamp of claim 1, wherein the
clamping portion of the inner jaw comprises a first seat for a
first fixation element having a first size and a second seat for
a second fixation element having a second size different than
the first size.

4. The external fixation clamp of claim 3, wherein the
clamping portion of the outer jaw comprises a third seat for
the first fixation element of the first size and a fourth seat for
the second fixation element of the second size.

5. The external fixation clamp of claim 1, further compris-
ing a biasing element biasing the outer jaw to rotate relative to
the inner jaw into the open condition.

6. The external fixation clamp of claim 1, further compris-
ing a saddle assembly having a preloaded spring element.

7. The external fixation clamp of claim 1, further compris-
ing a saddle base in selective engagement with one of the
inner jaw and the outer jaw, the saddle base comprising a
deflectable portion configured to selectively space the saddle
base from an adjacent component.

8. The external fixation clamp of claim 1, wherein the latch
comprise first and second wall portions connected by an
extending bar portion.

9. An external fixation clamp for receiving a fixation ele-
ment, comprising:

an inner jaw comprising a clamping portion and a rear
portion opposite the clamping portion; and

an outer jaw comprising a clamping portion and a rear
portion opposite the clamping portion, the clamping por-
tions ofthe jaws being cooperatively disposed to capture
a fixation element; and

a U-shaped latch comprising two sides connected by a bar,
the two sides of the latch being disposed along respec-
tive sides of each of the inner and outer jaws between the
respective clamping and rear portions and the bar being
disposed between the rear portions of the jaws, the latch
being configured to translate linearly relative to the jaws
to secure the jaws in an open position that permits the
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fixation element to be placed between the clamping por-
tions of the jaws and a closed position that restricts
removal of the fixation element from between the clamp-
ing portions of the jaws,

wherein the outer jaw includes a loading pin projecting
from the outer jaw into a track in the inner jaw, and

wherein, in the open position, the loading pin is disposed to
be engaged by the fixation element between the clamp-
ing portions of the jaws to cause the outer jaw to rotate
relative to the inner jaw and to release the latch to secure
the jaws in the closed position.

10. The external fixation clamp of claim 9, wherein:

in the closed position, a bearing surface of the bar is
engaged with a stop surface on the rear portion of the
outer jaw to prevent the outer jaw from rotating relative
to the inner jaw; and

in the open position, the bearing surface of the bar is
disengaged with the stop surface on the rear portion of
the outer jaw to allow the outer jaw to rotate relative to
the inner jaw.

11. The external fixation clamp of claim 9, further com-
prising a latch biasing member having a first higher level of
stored energy when the jaws are in the open position and a
second lower level of stored energy when the jaws are in the
closed position.

12. The external fixation clamp of claim 11, wherein the
latch biasing member comprises at least one spring, the at
least one spring being relatively uncompressed to bias the
latch to be disposed toward the clamping portions of the jaws
when the jaws are in the closed position and being relatively
compressed when the latch is disposed toward the rear por-
tions of the jaws and the jaws are in the open position.

13. The external fixation clamp of claim 12, further com-
prising a jaw spring, the jaw spring being relatively com-
pressed when the jaws are in the closed position and being
relatively uncompressed to bias the clamping portion of the
outer jaw away from the clamping portion of the inner jaw
when the jaws are in the open position.

14. An external fixation clamp for receiving a fixation
element, comprising:

an inner jaw;

an outer jaw cooperatively arranged with the inner jaw to
capture a fixation element, the outer jaw comprising at
least one protrusion integral with and projecting from
the outer jaw into a transverse groove in the inner jaw,
the inner and outer jaws being movable between an open
position that permits the fixation element to be placed
between the inner and outer jaws and a closed position
that restricts removal of the fixation element from
between the inner and outer jaws; and

a biasing element engaged with the at least one protrusion
to bias the first and second jaws to the open position,

wherein the at least one protrusion comprises a loading pin
arranged toward respective clamping portions of the
inner and outer jaws and a pivot tab arranged toward
respective rear portions of the inner and outer jaws oppo-
site the clamping portions, the biasing element is
engaged with the pivot tab, and, in the open position, the
loading pin is disposed to be engaged by the fixation
element between the clamping portions of the inner and
outer jaws to cause the loading pin to push against the
bias of the biasing element and to cause the outer jaw to
rotate relative to the inner jaw to the closed position.
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15. A method comprising:
inserting a fixation element between respective clamping
portions of a first and a second jaw of an external fixation
clamp, the first and second jaws being disposed in an
open position;
pushing the fixation element against a loading pin project-
ing from the first jaw into a transverse groove in the
second jaw between the clamping portions of the first
and second jaws so that the first jaw:
rotates relative to the second jaw;
compresses a jaw biasing element; and
releases energy from a latch biasing element as a latch
moves toward the fixation element so that potential
energy of the latch biasing element is reduced,
wherein the loading pin is engaged by the fixation element
to release the latch to secure the jaws in a closed position.
16. The method of claim 15, further comprising tightening
a locking mechanism that moves the first and second jaws
together.
17. The method of claim 15, further comprising guiding
displacement of the first jaw with a track as the first jaw
rotates relevant to the second jaw.
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